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eral da Paráıba, Cajazeiras - PB, 58.900-000 - Brazil. E-mail to RLR is rafaelr@cbpf.br or

rafael@cfp.ufpb.br and e-mail to ANV is vaidya@if.ufrj.br.



CBPF-NF-011/02 1

In a recent letter Alhaidari claims to have formulated and solved the

Dirac-Morse problem [1]. He starts with the Hamiltonian for a Dirac parti-

cle in an electromagnetic potential and aims to give a unified treatment of

three problems: Coulomb, oscillator and Morse differing only in the choice

of gauge. If this were possible gauge invariance would imply that the phys-

ical content of the theory is not altered by gauge changes. The known

results for the energy spectrum for the first two problems as quoted by him

contradict this expectation.

In any case if we consider a Hamiltonian that appears in the paper in a

slightly different notation

H = α · (p − r̂W (r)) + βM + V (r) (1)

where r̂ = r
r and separate variables following [2] then defining Φ =


G�j(r)

F�j(r)


 we get the radial equation

(−iρ2
d

dr
+ ρ1

κ

r
− ρ2W − E + V ) + Mρ3)Φ = 0 (2)

where ρi are the Pauli matrices and κ = ±(j + 1
2 ) for � = j ± 1

2 , which

contradicts Alhaidari’s equation (1).

Next, Alhaidari’s Hamiltonian does not even include that of the rela-

tivistic oscillator as a special case [3]. The Hamiltonian that satisfies this

condition is

H = α · (p− iβr̂W (r)) + βM + V (r). (3)

The resulting radial equation

(−iρ2
d

dr
+ ρ1(W +

κ

r
)− E + V + Mρ3)Φ = 0 (4)

does correspond to Alhaidari’s equation (1) where the quantum numbers �

and j are omitted. Due to the matrix β accompanying W in the Hamilto-
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nian, Alhaidari’s interpretation of the vector (V, r̂W ) as an electromagnetic

potential is incorrect.

Next, there is no reason for the functions V (r) and W (r) which ap-

pear in the Hamiltonian to depend on the angular quantum numbers which

make their appearance only when we separate variables to solve the Dirac

equation. Hence his choice of the constraint (in our notation)

W (r) =
1
S

V (r)− κ

r
(5)

with both V and W nonzero and S a constant cannot be satisfied. Al-

haidari could have avoided the mathematical contradiction by taking the

Hamiltonian to be

H = α · (p− iβr̂(W (r) +
K

r
)) + βM + V (r) (6)

where K = γ0(1 + Σ · L) is the Dirac operator, which leads to the radial

equation

(−iρ2
d

dr
+ Wρ1 − E + V + Mρ3)Φ = 0 (7)

Applying the transformation Φ = e−iρ2ηΦ̂ we get

[−iρ2
d

dr
− (E − V ) + ρ1(W cos 2η − M sin 2η) + ρ3(W sin 2η + M cos 2η)]Φ̂ = 0 (8)

Choosing W = V
sin 2η , we get equations (4-5) of Alhaidari for G�j and F�j

leading to energy levels degenerate in l, j,m which is physically uninterest-

ing. In the nonrelativistic formulation [4] the radial equation for the Morse

potential does contain the centrifugal barrier contribution for nonzero val-

ues of �.

In conclusion we do not think that the relativistic Morse potential prob-

lem has been correctly formulated and solved.
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